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DESCRIPTION 

ELECTROLYTE SHEETS FOR SOLID OXIDE FUEL CELLS AND 
PRODUCTION PROCESS THEREOF 

5 

Technical Field 

The present invention relates to electrolyte 
sheets for solid oxide fuel cells and a production 
process thereof, and more particularly, the present 

10 invention relates to electrolyte sheets for solid oxide 
fuel cells, which can improve , when electrodes are formed 
on both surfaces of the sheet by a screen printing 
technique or the like, adhesion between the electrolyte 
sheet and the electrodes, and which can improve electric 

15 power generation characteristics of the fuel cells by 
an increase in their electrode reaction areas, and which 
are useful for obtaining fuel cells with excellent cost 
performance, and a production process thereof. 

20 Background Art 

Ceramics are utilized in many fields, because they 
are superior in electric and magnetic characteristics 
as well as mechanical properties such as heat resistance 
and abrasion resistance- In particular, ceramic sheets 

25 composed mainly of zirconia has excellent oxygen ion 
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conductivity, heat resistance, corrosion resistance, 
rigidity, chemical resistance, and the like, so that 
they are widely utilized as a solid electrolyte film 
for sensor components such as oxygen sensors or moisture 
5 sensors, and as a solid electrolyte film for fuel cells. 

The solid electrolyte films for fuel cells are 
required to have an enlarged contact area with electrodes 
for increasing an effective area of the cell reaction 
to improve electric power generation performance. In 

10 addition, for preventing electrode layers from peeling 
off the solid electrolyte films , desired are those having 
suitable surface unevenness on their surfaces. For 
these reasons, when solid electrolyte films are prepared, 
there have been studied surface roughing methods, for 

15 example, by blast processing of the surfaces, or by 
application of a coarse-grained zirconia paste and then 
calcining it to give a texture layer. 

The present inventors have also studied surface 
roughness of zirconia sheets which can improve adhesion 

20 to electrode layers. As a part of the study, they have 
found that zirconia sheets having a maximum roughness 
(Ry) of 0.3 to 3 \im and an arithmetical mean roughness 
value (Ra) of 0.02 to 3 pm, as defined by JIS B-0601, 
exhibit excellent adhesion at the interface between the 

25 sheet surfaces and the electrode printed layers, thereby 
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hardly causing peeling^ and as a means of achieving such 
surface roughness, they have developed and proposed a 
method of controlling a particle size distribution in 
a slurry state (Japanese Patent Application Publication 
5 No. 2000-281438 ) . 

However, no relationship has been found between 
the surface roughness of electrolyte surfaces and the 
electric power generation performance . Inotherwords, 
all that the method disclosed in this publication takes 

10 into consideration is adhesion between the electrolyte 
surfaces and the electrode layers against time-lapse 
peeling of the electrode layers from the electrolyte 
surfaces during the electrode reaction. The method 
completely fails to take into consideration the 

15 relationship between the surface roughness of 
electrolyte sheets and the electric power generation 
characteristics, and the publication contains no 
description of an electrolyte sheet having both 
acceptable adhesion to electrode printed layers and 

20 acceptable electric power generation characteristics. 

Japanese Patent Application Publication No. 
2000-351669 discloses a LaGaOa oxide sintered material 
with a specific portion recessed from a mean line of 
a roughness curve as defined by JIS B-0601. However, 

25 this publication does not disclose surface roughness 
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and electric power generation performance and fails to 
describe an electrolyte sheet having both acceptable 
adhesion of electrode printed layers and acceptable 
electric power generation characteristics^ because the 
5 invention of this publication has been developed as a 
technique of obtaining a compact sintered material with 
high density. 

Asa means of improving the amount of electric power 
generation per unit area, there has been proposed a 

10 method comprising screen printing coarse particles 
composed of 8 mol% of yttrium oxide-stabilized zirconia 
(hereinafter referred to as ""SYSZ'M and 10 mol% of 
scandium oxide- s t abi 1 i z ed zirconia (hereinafter 
referred to as ^^lOScSZ") on a solid electrolyte green 

15 sheet to allow the coarse particles to be adhered to 
the surface of the solid electrolyte sheet, followed 
by calcining, thereby increasing a contact area with 
electrodes and increasing an electrode reaction area 
with electrode layers (Abstracts of the Fourth European 

20 SOFC Forum, p. 697 , 2000 , and Abstracts of the Seventh 
Solid Oxide Fuel Cell International Symposium (SOFC VII ) , 
p. 349, 2001) . 

However, these reports also fail to make mention 
of the relationship between the surface roughness on 

25 the surface of an electrolyte and the electric power 
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generation performance . 

Further, Japanese Patent Application Publication 
No. 2002-42831 discloses a release film suitable for 
formation of a green sheet which contributes achievement 
5 of high-power fuel cells. However, this release film 
can hardly be said to be satisfactory because it intends 
to enlarge the surface area of one surface of a solid 
electrolyte and the increase rate of current density 
is about 4% at most. Even with the use of the technique 

10 disclosed in this publication, there cannot be obtained 
an electrolyte sheet having both acceptable adhesion 
of electrode printed layers and acceptable electric 
power generation characteristics. 

As a general surface roughening method, a blast 

15 processing method has been known, and for example, as 
a means of surface roughening semiconductor wafer chucks 
or surface roughening the underside surface of an SAW 
filter substrate, a blast processing method has been 
known. However, when the surface of a very thin solid 

20 electrolyte film having a film thickness of about 0.5 
mm or smaller, particularly 200 pm or smaller, is 
subjected to blast processing, there arises a problem 
that warp, undulation, and the like may occur on the 
solid electrolyte film due to a stress exerted by the 

25 blast processing. In other words, in the current 
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technical level, it is difficult to physically roughen 
the surface of a solid electrolyte sheet having a small 
film thickness. 

In addition, the method in which the surface of 
5 a solid electrolyte film is subjected to blast processing, 
and the pretreatment method in which a coarse-grained 
zirconia paste is applied to the surface of a solid 
electrolyte, followed by calcining to thereby provide 
a texture layer, are not suitable for mass production 

10 and may cause an increase in cell production cost. Some 
improvement is therefore required. 

There may exist some demand for electrolyte sheets 
having both acceptable adhesion of electrode printed 
layers and acceptable electric power generation 

15 characteristics. However, there i s known no di sclosure 
of a specific method for obtaining an electrolyte sheet 
meeting such demand. 

The present invention has been made taking note 
of the above circumstance, and it is an object of the 

20 present invention to aim at an electrolyte sheet for 
solid oxide fuel cells, which is a compact sintered sheet 
having a bulk density of 97% or higher relative to the 
theoretical density and having a gas permeability of 
substantially zero, and which is subjected to electrode 

25 printing on its both surfaces, andprovide en electrolyte 
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sheet, which can improve electric power generation 
characteristics, which have stably excellent thermal 
and mechanical characteristics, and in addition, which 
enables strong bonding of electrode printing on its 
5 surfaces with high adhesion, and which stably exhibits 
excellent performance without causing a deterioration 
of electric power generation characteristics by peeling 
or the like. It is another object of the present 
invention to establish a technique enabling efficient 
10 production of such a high-performance electrolyte sheet 
by a method with high industrial mass productivity. 

Disclosure of the Invention 

The solid electrolyte sheet according to the 
15 present invention, which can solve the above problems, 
comprises a sintered sheet, wherein surface roughness 
of the sheet as measured by an optical and laser-based 
non-contact three-dimensional profile measuring system 
is 2.0 to 20 ]im in Rz and 0.20 to 3.0 ]im in Ra on both 
20 surfaces of the sheet, and in addition, meets any one 
of the following requirements (1) to (3) : 

1) A ratio of Rz of one surface (having a greater 
Rz) to Rz of the other surface having a smaller Rz of 
the sheet (Rz ratio) is in a range of 1.0 to 3.0 and 
25 a ratio of Rmax to Rz (Rmax/Rz ratio) of at least one 
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surface is in a range of 1.0 to 2.0; 

2) A ratio of Ra of one surface (having a greater 
Ra ) to Ra of the other surface having a smaller Ra of 
the sheet (Ra ratio) is in a range of 1.0 to 3.0 and 

5 a ratio of Rmax to Rz (Rmax/Rz ratio) of at least one 
surface is in a range of 1.0 to 2.0; and 

3) A ratio of Rz of one surface (having a greater 
Rz and a greater Ra ) to Rz of the other surface having 
a smaller Rz and a smaller Ra (Rz ratio) is in a range 

10 of 1.0 to 3.0, and a ratio of Ra of one surface (having 
a greater Rz and a greater Ra) to Ra of the other surface 
having a smaller Rz and a smaller Ra (Ra ratio) is in 
a range of 1.0 to 3.0, and a ratio of Rmax to Rz (Rmax/Rz 
ratio) of at least one surface is in a range of 1.0 to 

15 2.0. 

In the above requirements, Rz (mean roughness 
depth ) , Ra ( ar i t hmet i cal mean roughness va lue ) , and Rmax 
(maximum roughness depth) are roughness parameters as 
determined according to German Standard DIN-4768 and 
20 are numerical values as measured for each surface of 
the sheet . 

In the above electrolyte sheet of the present 
invention, Rz and Ra are set in the respective specific 
ranges as described above, so that it is possible to 
25 improve electric power generation characteristics and 
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adhesion and peeling resistance of electrodes when used 
for production of a cell- Further, an Ra ratio and an 
Rmax/Rz ratio are set in the respective specific ranges, 
so that it is possible to ensure excellent electrode 
5 print ability and printing workability. In particular, 
the phrase ^^Rmax/Rz ratio in a range of 1.0 to 2.0" means 
that projections are small when seen from the cross 
section of the electrolyte sheet and these projections 
form a concave curve with uniform highest ends of the 

10 surface. This becomes important characteristics for 
enabling formation of an electrode having a uniform 
thickness without causing, for example, a thin spot 
during printing of the electrode. 

The most preferred electrolyte comprises at least 

15 one selected from the group consisting of zirconia 
stabilized with 2 to 10 mol% of yttrium oxide, zirconia 
stabilized with 3 tol2 mol% of scandium oxide, LaGaOs 
oxides, and Ce02 oxides. 

The production process of the present invention 

20 is regarded as a process which can reliably provide an 
electrolyte sheet for solid oxide fuel cells principally 
meeting the above specific surface charact eristics . 
The production process is featured by preparing a slurry 
for production of a green sheet, wherein particle size 

25 of solid components in the slurry is 0.2 to 0.8 \im in 
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50 vol.% diameter (hereinafter referred to as dso) and 
0.8 to 10 Jim in 90 vol . % diameter (hereinafter referred 
to as dgo)/ and wherein particle size distribution has 
each one peak in a range of 0.2 to 0.8 pm and in a range 
5 of 0.8 to 10 ]im; preparing an electrolyte green sheet 
by forming a sheet of the slurry on a polymer film with 
surface roughness being in a range of 3 to 30 pm in Rz 
and in a range of 0.3 to 5 \im in Ra on a surface to be 
coated; and calcining the electrolyte green sheet. 
10 As a preferred method for obtaining the slurry for 

production of a green sheet as described above, there 
can be mentioned a method in which raw material powder 

(A) of 0-2 to 0.8 \xm in dso and of 0.8 to 10 \im in dgo/ 
a binder, a dispersant, and a solvent are milled to give 

15 a slurry, to which is then added raw material powder 

(B) of 0.2 to 2 \im in dso and of 0.8 to 20 \im in dgo at 
a ratio of 1% to 30% by mass, based on the total raw 
material powder mass, and milling is further continued 
so that a ratio (Tb/Ta) of a milling time (Tb) after 

20 addition of the raw material powder (B) to a milling 
time (Ta) only for the raw material powder (A) is adjusted 
in a range of 1/100 to 1/2. 

When used is a method in which an electrolyte green 
sheet is prepared by use of a slurry having the above 

25 particle size for production of a green sheet and then 
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cut into a prescribed shape, and the cut green sheets 
are stacked up, while at least one selected from the 
group consisting of porous ceramic sheets, precursor 
green sheets of the porous ceramic sheets, and ceramic 
5 particles is placed as a spacer between the respective 
cut green sheets to be staked up, which are then calcined, 
it is possible to produce, with high productivity, a 
flat sheet having less warp or undulation without causing 
fusion bonding between the electrolyte green sheets 
10 staked up. 

Brief Description of the Drawing 

Figure 1 is a schematic view showing an apparatus 
for evaluation of electric power generation with a single 
15 cell used in experiments. 

1, heaters; 2, alumina external cylindrical tubes ; 
3, alumina internal cylindrical tubes; 4, platinum lead 
wires; 5, solid elect rolyte sheet ; 6, cathode; 7, anode; 
and 8, sealing members 

20 

Best Mode for Carrying out the Invention 
Under the problems to be solved as described above, 
the present inventors have extensively studied for the 
conditions for production of an electrolyte sheet and 
25 the physical properties of an electrolyte sheet (in 
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particular, surface roughness of the electrolyte sheet 
and electric power generation characteristics) which 
may vary depending on the factors of the conditions for 
production of an electrolyte sheet. As a result, they 
5 have found that, when the method of the present invention 
as will later be described in detail is employed, the 
definition of specific surface roughness can provide 
an electrolyte sheet having both acceptable adhesion 
of electrode layers and electric power generation 

10 characteristics, and they have further been able to 
define production conditions which can allow stable 
production of an objective product having these physical 
properties. As described below in detail, taking the 
surface roughness of an electrolyte sheet as a new index, 

15 they have succeeded in making it easy to ensure the 
adhesion of electrode layers and the electric power 
generation characteristics, as well as in establishing 
a simple and easy technique of production. When the 
production process of the present invention is employed, 

20 an objective product can be obtained more reliably. 
However, because the present invention makes clear an 
index for obtaining an objective product, an electrolyte 
sheet which attains the object of the present invention 
can also be obtained by various changes or modifications 

25 of production conditions, even besides the production 
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process as defined in the present invention. 

The present invention will specifically be 
described below in detail. 

First, in the firm belief that surface roughness 
5 on both surfaces of an electrolyte sheet for solid oxide 
fuel cells has a considerable influence on adhesion of 
electrode printed layers and electric power generation 
characteristics, the present inventors have studied for 
surface roughness on both surfaces of the sheet. As 

10 a result, when the surface roughness of both surfaces 
of the sheet is adjusted so that Rz and Ra fall within 
specific ranges and so that an Rz ratio and an Rz ratio 
fall within specific ranges, and is further adjusted 
so that an Rmax/Rz ratio falls within a specific range, 

15 it was confirmed that an electrolyte sheet thus obtained 
would exhibit excellent adhesion to electrodes, as well 
as excellent electrode printing workability and 
printing stability because of a small difference in 
surface roughness between both surfaces- It was also 

20 confirmed that an electric power generation cell 
obtained by use of this electrolyte sheet would have 
extremely excellent electric power generation 
performance, even when the same electrolyte material 
or the same electrode material is used. 

25 When the surfaces of the electrolyte sheet are too 
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smooth, or more specifically, when Rz is smaller than 
2.0 \im and/or when Ra is smaller than 0.20 ym, there 
becomes reduced an effective contact area which serves 
as a three-phase interface between the solid electrolyte, 
5 the electrode, and pores therein, forming an electrode 
reaction field. Therefore, not only electric power 
generation performance as a cell, i.e., the amount of 
electric power generation per unit area of electrode, 
is reduced, but also peeling can easily occur between 

10 the sheet surface and the electrode layer, when it is 
exposed to an elevated temperature for a long time during 
calcining after formation of electrodes or during use, 
or when it undergoes a repeated thermal history between 
the room temperature and the elevated temperature. 

15 Therefore, to avoid such a problem, it is necessary 

to roughen the surfaces of an electrolyte sheet prior 
to application and formation of electrodes. However, 
when the surface roughness of the sheet is too large, 
or more specifically, Rz is greater than 20 pm and/or 

20 Ra is greater than 3.0 pm, it becomes difficult to form 
an electrode having a uniform thickness, which makes 
a contribution to the improvement of electric power 
generation per formance . Further, not only adhesion of 
electrode layers is reduced, but also bending strength 

25 of an electrolyte sheet itself becomes small. 



By the way, a generally employed method of forming 
an electrolyte sheet comprises: laying, on a polymer 
film having subjected to release processing, a slurry 
containing an electrolyte material powder, an organic 
5 binder, a dispersant, a solvent, and if necessary, a 
plasticizer, a de foaming agent , andthelike, by a doctor 
blade method, a calendar method, an extrusion method, 
or the like, to form the slurry in sheet shape; drying 
the slurry sheet for evaporation of the dispersion medium 

10 to give a green sheet; and calcining the green sheet 
after made into an appropriate size by cutting, punching, 
or the like, to decompose and remove the organic binder, 
while making the ceramics power sintered- As to surface 
roughness of the green sheet thus obtained, surface 

15 roughness of the polymer film has a tendency to be 
transferred to the surface which was in contact with 
the polymer film (the surface peeled from the film), 
whereas roughness of the surface opened to the air during 
drying, which is the other surface (the air surface), 

20 has a tendency to depend on the particle size 
distribution of solid components in the raw material 
slurry . 

In fact, as to surface roughness of an electrolyte 
sheet after calcining, surface roughness on the surface 
25 peeled from a polymer film used when an electrolyte green 
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sheet is formed is influenced by surface roughness of 
the polymer film, and surface roughness on the air 
surface is influenced by the particle size distribution 
of a slurry used in the production of an electrolyte 
5 green sheet which is a precursor of the electrolyte sheet- 
It was confirmed that for both surfaces, the use of rough 
ones makes the surface roughness relatively rough, while 
the use of fine ones makes the surface roughness 
relatively fine. 

10 Therefore, when an ordinary milled slurry and an 

ordinary polymer film are used, surface roughness on 
the surface peeled from the polymer film has a tendency 
to be smaller than that on the air surface by at least 
one order of magnitude. In the present invention, 

15 however, surface roughness on the surface peeled from 
the polymer film is controlled by use of a surface 
roughened film having specific surface roughness, and 
surface roughness on the air surface is adjusted by use 
of a slurry for production of a green sheet, in which 

20 the particle size distribution of solid components in 
the slurry has each one peak in specific ranges by further 
addition of raw material powder to an ordinary slurry 
obtained by milling. Thus, surface roughness on both 
surfaces is defined to fall within the respective ranges 

25 as described above, and the ratio of surface roughness 
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on both surfaces is defined to fall within the specific 
range so that surface roughness is not largely different 
between one surface and the other surface. 

The above term ^^surface roughness" used in the 
5 present invention refers to measured value according 
to the measurements of electric contact-type roughness 
parameters Ra, Rz, and Rmax as defined by Germany 
Standard which was revised in May, 1990 . As 

a measuring apparatus, an optical and laser-based 

10 non-contact three-dimensional profile measuring system 
was used, which makes measurement in a non-contact state 
with respect to the surface of a sheet. 

The main measurement principle of this system is 
as follows. A light beam of 780 nm in wavelength is 

15 emitted from a semiconductor laser optical source, and 
then passed through a movable objective lens to make 
a focal spot of 1 pm in diameter on a sample surface 
(i.e., the surface of an electrolyte sheet). At this 
time, regular reflected light is returned on the same 

20 optical path to be evenly focused on four photo diodes 
through a beam slitter, so that unevenness occurs in 
an image by displacement on the not-flat sample surface 
to be measured, in which a signal for eliminating this 
unevenness is immediately put out and high-accuracy 

2 5 measurement is carried out by detection of a displacement 
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of the objective lens, with the use of a light barrier 
measuring mechanism, when the lens is controlled so that 
the focal point of the objective lens constantly meets 
the surface of an object to be measured. The specs are 
5r 1 pm in spot diameter and 0.01% (0.01 \im at most) of 
the measuring range in resolution. 

In German Standard ^'DIN-4768", there is defined 
measurement of Ra, Rz, and Rmax by electric contact-type 
roughness parameters. The above Ra, Rz, and Rmax as 
10 defined in the present invention are those determined 
according to ^^DIN-4768" from measurement methods for 
Ra, Rz, and Rmax incidental to this measuring system 
and from arithmetic analysis programs for Ra , Rz, and 
Rmax 

15 That is, in the measurement of Rz, when Rz is in 

a range of greater than 0 . 1 pm to 0 . 5 pm, cutoff wavelength 
(Ac) is set to 0.25 mm, individual measuring section 
(le), to 0.25 mm, and general measuring section (Im), 
to 1.25 mm; when Rz is greater than 0.5 pm but smaller 

20 than 10 pm, (Ac) is set to 0.8 mm, (le), to 0.8 mm, and 
(Im), to 4 mm; and when Rz is greater than 10 pm but 
smaller than 50 pm, (Ac) is set to 2.5 mm, (le), to 2.5 
mm, and (Im), to 12.5 mm. 

Further, in the measurement of Ra, when Ra is in 

25 a range of greater than 0.1 pm to 2 pm, (Ac) is set to 
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0.8 mm and (Im), to 4 mm; and when Rz is greater than 
2 \im but smaller than 10 ym, (Ac) is set to 2.5 mm and 
( 1 m ) , to 12.5 mm . 

In general, surface roughness is evaluated by use 
5 of a contact type surface roughness measuring system 
in which a diamond probe or the like is brought into 
contact with the surface of an object to be measured, 
and a phase difference on the surface is converted into 
an electrical signal for measurement- However, such 

10 a probe has a diameter of at least 2 \im which is greater 
than that of the optical and laser -based measuring system, 
and possibly due to a catch of the probe by recesses 
and projections, surface roughness determined by the 
contact-type surface roughness measuring system is 

15 difficult to appear as a large difference in electric 
power generation performance. However, according to 
the optical and laser-based non-contact measurement 
method, it would be possible to grasp a surface profile 
or surface roughness more accurately than by use of the 

2 0 contact-type measuring system as described above. Thus, 
in the present invention, measured values of surface 
roughness obtained by the optical and laser-based 
non-contact measuring system are regarded as surface 
roughness of an electrolyte sheet. 

25 When surface roughness on both surfaces of a sheet 
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determined by the above method falls within the above 
ranges, electric power generation performance can be 
improved by an increase in electrode reaction filed 
(reaction effective area) , so that the amount of electric 
5 power generation per electrode area can be increased. 
Further, an electrode having a uniform thickness can 
easily be formed by coating on both surfaces of an 
electrolyte sheet, and its adhesion at a high level can 
be ensured by an appropriate anchoring effect. Even 

10 during calcining of the electrode or during operation 
under exposure to an elevated temperature, or even when 
it undergoes a thermal history under repeated exposure 
to conditions over a range of lower temperature to higher 
temperature, peeling of an electrode film can be 

15 prevented as much as possible- 
Taking into consideration the amount of electric 
power generation per unit area of the electrode, and 
both formability and adhesion of the electrode film, 
more preferred surface roughness is 3 \im or greater in 

20 Rz, more preferably in a range of 4 ]im to 15 ^m, and 
still more preferably 12 \im or smaller; and 0.4 jam or 
greater in Ra, more preferably in a range of 0.5 vim to 
2 ym, and still more preferably 1.5 pm or smaller. 

In the present invention, surface roughness on both 

25 surfaces of a sheet shouldmeet, in addition to the above 
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requirements as Rz and Ra^ any one of the following 
requirements a) to c): 

a) A ratio of Rz of one surface (having a greater 
Rz) to Rz of the other surface having a smaller Rz of 

5 the sheet (Rz ratio) is in a range of 1.0 to 3.0; 

b) A ratio of Ra of one surface (having a greater 
Ra) to Ra of the other surface having a smaller Ra of 
the sheet (Ra ratio) is in a range of 1.0 to 3.0; and 

c) A ratio of Rz (Rz ratio) and a ratio of Ra (Ra 
10 ratio) , of one surface (having a greater Rz and a greater 

Ra), respectively, to Rz and Ra of the other surface 
having a smaller Rz and a smaller Ra, are in a range 
of 1.0 to 3.0. 

In the above, for definition of surface roughness 

15 onboth surfaces of a sheet, whenRz (or Ra) of one surface 
is larger than Rz (or Ra) of the other surface, Ra (or 
Rz) of one surface is also greater than Ra (or Rz) of 
the other surface in ordinary cases. Accordingly, in 
general, surface roughness on both surfaces of a sheet 

20 is defined by a ratio of that of one surface (surface 
having a smaller Rz and a smaller Rz) to that of the 
other surface (surface having a greater Rz and a greater 
Ra) of the sheet. However, depending on the conditions 
of sheet formation, there may also be a case where Rz 

25 (or Ra) of one surface is greater than Rz (or Ra) of 



the other surface. Therefore, in the present invention, 
based on the assumption that there may be such a case, 
the definition was made as described above. 

When the Rz ratio or the Ra ratio is over the above 
5 preferred range, a difference arises in printability 
because of a too large difference in surface roughness 
between both surfaces. Therefore, it becomes necessary 
to adjust the physical properties of a paste used in 
the printing of an electrode, the printing conditions, 

10 and the calcining conditions to each surface, which 
complicates the producing work of an electrode. 

Further, in the electrolyte sheet of the present 
invention, the ratio of Rmax to Rz of a sheet surface 
is an important control factor. Specifically, when the 

15 Rmax/Rz ratio is 1 or greater but 2 or smaller, more 
preferably 1.5 or smaller, and particularly preferably 
1.3 or smaller, it means that a difference between Rmax 
and Rz is small, and it shows that when the electrolyte 
sheet is viewed from the direction of cross section, 

20 the shapes of projections are relatively small and have 
almost the same height. Therefore, in screen printing, 
a plate uniformly comes into contact with the printing 
surface of the sheet, so that the printing of an electrode 
can smoothly be carried out. As a result, it becomes 

25 easy to obtain an electrode film uniform both in film 



thickness and in quality. 

On the other hand, when the Rmax/Rz ratio is greater 
than 2.0, it shows that when the electrolyte sheet is 
viewed from direction of cross section, high projections 
5 exist in part, and therefore, unevenness on the surface 
is significant, and it may be because in screen printing, 
high projections existing on the printing surface of 
the sheet come into contact with the plate, which makes 
it difficult to become the printing of an electrode 

10 uneven, thereby causing a thin spot or the like on the 
electrode film, which makes it difficult to obtain an 
electrode film uniform both in quality and in thickness. 
To more efficiently obtain an electrolyte sheet 
having surface roughness falling within the above range 

15 intended in the present invention, it is preferred to 
use, as a film used in the production of a green sheet, 
a polymer film having Rz of the surface to be coated 
in a range of 3 \im to 30 ]am, more preferably in a range 
of 5 pm to 20 pm, and having Ra of the surface to be 

20 coated in a range of 0.3 \im to 5 jam, more preferably 
in a range of 0.5 |im to 3 ym. In fact, this is because 
when a green sheet is produced by use of a film having 
such surface roughness, the surface roughness of the 
film is transferred to the surface, peeled from the 

25 polymer film, of the green sheet. 
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At this time, as a preferred method of adjusting 
the surface roughness of a polymer film, there can be 
mentioned a method of coating the surface to be coated 
of the film with particles such as alumina, ceria, and 
5 zirconia. When such a method is used, it is possible 
to freely adjust the surface roughness by free selection 
of the particle diameter of particles to be used. For 
example, when surface roughening is achieved by coating 
with alumina particles having a mean particle size of 

10 8 ijm, Rz is about 7.9 ^m and Ra about 0.9 ym, whereas 
when surface roughening is achieved by coating with 
alumina particles having a mean particle size of 20 }jm, 
Rz is about 12.4 ]im and Ra about 1.8 jam. 

If the surface roughness of a polymer film to be 

15 used is greater than 30 jam in Rz and greater than 5 \im 
in Ra, it becomes difficult to remove a green sheet after 
coating from the polymer film, resulting in deteriorated 
workability- On the other hand, if a polymer film is 
used, which has an Rz of smaller than 3 pm and an Ra 

20 of smaller than 0.3 pm, the surface roughness on the 
surface, peeled from the polymer film, of an electrolyte 
sheet becomes smaller than 2.0 pm in Rz and smaller than 
0.20 pm in Ra, thereby making it difficult to obtain 
an electrolyte sheet meeting the surface roughness 

25 intended in the present invention. 
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When a polymer film is used, which has been surface 
roughened by coating adhesion of particles as described 
above, the surface condition of the film is such that 
only the parts having the adhering particles project 
5 relative to a base plane (flat plane) . Therefore, when 
a green sheet is formed by use of such a surface roughened 
film, projections on the surface of the surface roughened 
film are transferred in the form of recesses to the green 
sheet, with the result that the surface of the green 

10 sheet in contact with the surface roughened film has 
an infinite number of recesses relative to the base plane 
(flat plane). This is preferred because those having 
an Rmax/Rz of 1.0 or greater but 2.0 or smaller, more 
preferably 1.5 or smaller, and particularly preferably 

15 1.3 or smaller, can easily be obtained. 

The surface roughness of the electrolyte sheet 
opposite to the surface peeled from the polymer film 
can be adjusted in a specific range as defined in the 
present invention by use of, as an electrolyte material, 

20 a slurry having a particle size distribution in which 
particle sizes are adjusted. 

This can be achieved by milling a mixture of the 
above electrolyte raw material powder, a binder, a 
dispersant, a solvent, and if necessary, a defoaming 

25 agent, a plasticizer, and the like to give a slurry for 
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production of a green sheet, in which the particle size 
distribution of solid components has each one peak in 
a range of 0.2 to 0.8 pm and in a range of 0.8 to 10 
\im; coating, with the slurry, a polymer film having 
5 surface roughness on the surface to be coated, which 
is 3 to 30 ym in Rz and 0.3 to 5 ]im in Ra, for sheet 
forming to give an electrolyte green sheet; and then 
calcining . 

To achieve this, the slurry should be prepared by 

10 milling raw material powder (A) of 0.2 to 0.8 ]im in dso 
and 0.8 to 10 pm in dgof a binder, a dispersant, and 
a solvent to give a slurry, to which is then added raw 
material powder (B) of 0.2 to 2 \im in dso and 0.8 to 
20 ym in dgo at a ratio of 1% to 30% by mass, based on 

15 the total raw material powder mass, and by further 
milling the slurry so that a ratio (Tb/Ta) of a milling 
time (Tb) after addition of the raw material powder (B) 
to a milling time (Ta) only for the raw material powder 
(A) is adjusted in a range of 1/100 to 1/2-. It is 

20 particularly important to adjust the solid components 
in the slurry before adding the raw material powder (B) 
to have a dso of 0.2 to 0.8 pm and a dso of 0.8 to 10 
pm as defined above. The addition of rougher raw 
material powder (B) to raw material powder (A) makes 

25 it easy to adjust the particle size distribution of solid 
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components in the slurry as described above. 

When the particle size distribution of solid 
components in the slurry for production of an electrolyte 
green sheet has only one peak in a range of 0,2 to 0.8 
5 \im, the surface roughness on the air surface becomes 
too small to ensure the surface roughness intended in 
the present invention. Those having only one peak in 
a range of 0.8 to 10 pm will result in poor compactness 
after calcining, and therefore, in poor sheet strength. 

10 The raw material powder (A) and the raw material 

powder (B) may have the same or different composition 
without causing any problem. However, if the ratio of 
the raw material powder (B) is smaller than 1% by mass, 
based on the total raw material powder mass , the particle 

15 size distribution of solid components in the slurry for 
production of an electrolyte green sheet has only one 
peak in a range of 0.2 to 0.8 pm, there arises the same 
problem as described above. In contrast, if the ratio 
of the raw material powder (B) is greater than 30% by 

20 mass, based on the total raw material powder mass, the 
particle size distribution of solid components in the 
slurry for production of an electrolyte green sheet has 
only one peak in a range of 0.8 to 20 ]im and no peak 
in a range of 0.2 to 0.8 pm, there arises the same problem 

25 as described above. 



It is desirable that the particle size distribution 
of solid components in the slurry obtained by milling 
raw material powder (A), a binder, a dispersant, and 
a solvent is adjusted so that dso is in a range of 0.2 
5 to 0.8 vim and dso is in a range of 0.8 to 10 \im. At this 
time, if dso is greater than 0.8 ym and dgo is greater 
than 10 ]im, a resulting electrolyte sheet may easily 
be short in strength. 

The surface roughness of the electrolyte sheet 
10 opposite to the surface peeled from the polymer film 
may easily become 2 ]im or smaller in Rz and 0.2 \im or 
smaller in Ra only by coat ing , with this slurry , a polymer 
film having the specific surface roughness as described 
above . 

15 However, the later addition of raw material powder 

(B) having a greater dso and a greater dso than those 
of raw material powder (A) to the slurry having the above 
particle size distribution makes it possible to simply 
and easily adjust the surface roughness of an electrolyte 

20 sheet opposite to the surface peeled from the polymer 
film in the range defined in the present invention. In 
addition, it makes possible to provide an electrolyte 
sheet having a bulk density of 97% or higher, more 
preferably 98% or higher, relative to the theoretical 

25 density, which is compact and hardly causes a decrease 
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in strength . 

To achieve this^ it is preferred that the amount 
of raw material powder (B) added later is at a ratio 
of 1% to 30% by mass, preferably 3% to 20% by mass, and 
5 more preferably 5% to 15% by mass, based on the total 
raw material powdermass. If the amount of raw material 
powder (B) added later is greater than 30% by mass, the 
surface roughness of an electrolyte sheet may easily 
be greater than 20 pm in Rz and greater than 3.0 \im in 

10 Ra, and the strength of the electrolyte sheet itself 
becomes deteriorated. If the amount of raw material 
powder (B) added later is smaller than 1% by mass, the 
surface roughness of an electrolyte sheet may easily 
be smaller than 2.0 pm in Rz and smaller than 0.20 ]im 

15 in Ra . 

The raw material powder (A) to be used may have 
a particle size distribution in which dso is in a range 
of 0-2 to 0.8 ym and dgo is in a range of 0.8 to 10 pm; 
however, a more preferred particle size distribution 

20 of raw material powder (A) is in a range of 0.2 to 0.5 
pm in dso and in a range of 1 to 2 pm in dgo . 

The raw material powder (B) to be added later may 
be the same as the raw material powder which is milled 
to form a slurry, or may be of a different composition 

25 from that of the slurry, such as zirconia oxides, LaGaOa 



oxides, and Ce02 oxides. A preferred particle size is 
such that dso is in a range of 0.2 to 2 ijm and dso is 
in a range of 0.8 to 20 pm, and more preferably, such 
that dso is in a range of 0.4 to 1.0 ]im and dgo is in 
5 arangeof2to5 pm. There is no need to make the particle 
size distribution of raw material powder equal to that 
of raw material powder to be added later, and preferably 
from the viewpoint of surface roughening, the dso and 
dgo of raw material powder to be added later are made 

10 slightly greater than those of raw material powder. 

The milling time (Ta) of raw material powder (A) 
is 1 hour or longer but 60 hours or shorter, preferably 
10 hours or longer but 20 hours or shorter, and the milling 
time (Tb) after addition of raw material powder (B) is 

15 adjusted so that the ratio of the above Tb/Ta is in a 
rangeofl/lOOtol/2, morepreferablyl/lOtol/3. Thus, 
a slurry for production of a green sheet is prepared 
in which the particle, size distribution of solid 
components in the final slurry has each one peak in a 

20 range of 0.2 pm to 0.8 pm and in a range of 0.8 pm to 
10 pm. 

At this time, if Tb/Ta is smaller than 1/100, for 
example, the dispersion of raw material powder (B) into 
a slurry may easily be insufficient, so that the surface 
25 roughness of a resulting electrolyte sheet is too rough 
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and the strength of the resulting electrolyte sheet is 
insufficient. If Tb/Ta is greater than 1/2, the 
dispersion of raw material powder (B) into a slurry is 
good, so that sufficient strength can easilybe obtained; 
5 however, surface roughness may easily be insufficient. 
There is no particular limitation on the milling method, 
and there may be employed a known method using an ordinary 
ball mill, an ordinary beads mill, or the like. 

The particle size of solid components in the above 

10 raw material powder and slurry refers to a value measured 
by the following method. Specifically, the particle 
size of raw material powder is a measured value after 
ultrasonic treatment for one minute to make dispersion 
of 0.01% to 1% by mass of raw material powder added to 

15 100 cc of a dispersing medium, in which used as the 
dispersing medium is an aqueous solution obtained by 
addition of 0.2% by mass of sodium met aphosphat e as a 
dispersing agent to distilled water, as determined by 
use of a laser diffraction particle size distribution 

20 measuring system ^^SALD-1100" available from Shimadzu 
Corp. The particle size of solid components in the 
slurry is a measured value after ultrasonic treatment 
for one minute to make dispersion of 0.01% to 1% by mass 
of each slurry added to 100 cc of a dispersing medium, 

25 in which used as the dispersing medium is a solvent having 
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the same composition as that of the solvent in the slurry. 

When the electrolyte sheet of the present invention 
is put into practical use as a solid electrolyte film 
of fuel cells, the sheet thickness is set to 10 \im or 
5 greater, more preferably 50 \im or greater, but 500 yua 
or smaller, more preferably 300 ]im or smaller, for the 
purpose of lowering a loss of electric power distribution 
as small as possible, with the strength required being 
met . 

10 The sheet may have any shape, such as circular, 

elliptical, or rectangular with round corners, and the 
sheet may have holes which are in shape similar to the 
foregoing, i.e., circular, elliptical, or rectangular 
with round corners. The sheet has an area of 50 cm^ 

15 or greater, preferably 100 cm^ or greater. The ^^area" 
means, when the sheet has holes, an area surrounded by 
the outer periphery, including the areas of these holes. 

The kind of ceramic forming the electrolyte sheet 
of the present invention is not particularly limited, 

20 and preferred examples of the ceramic sintered material 
include zirconia oxides, LaGaOa oxides, and Ce02 oxides- 
Preferred examples of the zirconia oxides include 
solid solutions containing, as a stabilizing agent or 
agents, one kind, or two or more kinds , of oxides selected 

25 from the group consisting of: oxides of alkaline earth 



metals, such as MgO, CaO, SrO, and BaO; oxides of rare 
earth elements, such as Y2O3, La203, Ce02f Pr203, Nd203, 
Sm203^ Eu203f Gd203, Tb203, DyaOs/ H02O2, Er203f and Yb203; 
SC2O3, Bi203, In203; and the like, or includes dispersion 
5 strengthened zirconia obtained by addition, to the above 
solid solutions, of AI2O3, Ti02f Ta205, Nb205, and the 
like, as a dispersion strengthening agent. 

The LaGaOs oxides are composite oxides each having 
a perovskite crystal structure or compositions in which 

10 parts of La and Ga are replaced by other atoms such as 
Sr, Y, and Mg, each having lower valency than La or Ga, 
to form a solid solution. Examples of the LaGaOs oxides 
include Lai-xSrxGai-yMgy03 such as Lao . gSro . iGao . sMgo . 2O3 f 
Lai-xSrxGai-yMgyCo203/ Lai-xSrxGai-yFeyOs/ and 

15 Lai-xSrxGai-yNiyOs. 

Preferred examples of the Ce02 oxides include ceria 
oxides doped with one kind, or two or more kinds, of 
oxides selected from the group consisting of CaO, SrO, 
BaO, Ti203, Y2O3, La203, Pr203, Nd203, Sm203, EU2O3, Gd203r 

20 Tb203, Dy203/ Er203. Tm203, YhzOsf PbO, WO3, M0O3, V2O5, 
Ta205, and Nb205 . 

These oxides may be used alone or, if necessary, 
in appropriate combination of two or more kinds thereof. 
In the above examples, for the purpose of obtaining an 

25 electrolyte sheet having higher thermal, mechanical. 
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and chemical characteristics, particularly preferred 
are zirconium oxides each having tetragonal and/or cubic 
structures, which are stabilized with 2 to 10 mol% of 
yttrium oxide or stabilized with 3 to 12 mol% of scandium 
5 oxide. 

There is no particular limitation on the kind of 
binder to be used in the present invention, and organic 
binders known heretofore can appropriately be selected 
and used. Examples of the organic binders include 

10 ethylene copolymers, styrene copolymers, acrylate or 
methacrylate copolymers, vinyl acetate copolymers, 
maleic acid copolymers, vinyl butyral resins, vinyl 
acetal resins, vinyl formal resins, vinyl alcohol resins, 
waxes, and celluloses such as ethyl cellulose. 

15 In these organic binders, from the viewpoint of 

the formability, strength, and thermal decomposabilit y 
at the time of calcining, of a green sheet, preferred 
are (meth ) acrylate copolymers, each having a number 
average molecular weight of 20,000 to 200,000, more 

20 preferably 50,000 to 100,000, which are obtained by 
polymerization or copolymer i zat ion of at least one 
selected from the group consisting of alkyl acrylates, 
each having an alkyl group of not more than 10 carbon 
atoms, such as methyl acrylate, ethyl acrylate, propyl 

25 acrylate, butyl acrylate, isobutyl acrylate, 
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cyclohexyl acrylate, and 2-ethylhexyl acrylate; alkyl 
methacr y lat es , each having an alkyl group of not more 
than 20 carbon atoms, such as methyl methacr y lat e , ethyl 
me thacry lat e , butyl methacry la te , isobutyl 

met hacrylate , octyl met hacry late , 2-ethylhexyl 
met hacrylat e , decy 1 methacr y lat e , dodecy 1 me thacr y lat e , 
lauryl met hacr y la t e , and cyclohexyl met hacry late ; 
hydroxyalkyl acrylates and hydroxyal ky 1 methacr ylates , 
each having a hydroxyalkyl group, such as hydroxyethyl 
acrylate, hydr oxypr opy 1 acrylate, hydroxyethyl 
met hacrylat e , and hydr oxypr opy 1 met hacr y late ; 
aminoalkyl acrylates and aminoalkyl methacrylates , 
such as dimethylaminoe thyl acrylate and 

dime t hylaminoethy 1 met hacr y late ; carboxyl group 
containing monomers such as acrylic acid, methacrylic 
acid, maleic acid, and maleic acid half esters, e.g., 
monoisopropy 1 maleate . 

These organic binders may be used alone or, if 
necessary, in appropriate combination of two or more 
kinds thereof. Particularly preferred are polymers of 
monomers containing 60% or more by mass of isobutyl 
methacrylate and/or 2-ethylhexyl met hacr y late . 

The ratio of raw material powder and binder to be 
used may preferably be in a range of 5 to 30 parts by 
mass, more preferably 10 to 20 parts by mass, of the 
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latter, relative to 100 parts by mass of the former. 
When the amount of binder to be used is insufficient, 
the strength and flexibility of a green sheet become 
insufficient. In contrast, when the amount is too large, 
5 the viscosity adjustment in a slurry becomes difficult, 
and the decomposition and release of a binder component 
during calcining are increased and become drastic, so 
that it is difficult to obtain a ceramic sheet uniform 
in quality . 

10 As the solvent to be used in the production of a 

green sheet, appropriately selected and used are water; 
alcohols such as methanol, ethanol, 2-propanol, 

1- butanol, and 1-hexanol; ketons such as acetone and 

2- butanone; aliphatic hydrocarbons such as pentane, 
15 hexane, and butane; aromatic hydrocarbons such as 

benzene, toluene, xylene, and ethylbenzene; acetate 
esters such as methyl acetate, ethyl acetate, and butyl 
acetate; and the like. These solvents may be used alone 
or in appropriate combination of two or more kinds 

20 thereof. The amount of such a solvent to be used may 
preferably be adjusted in an appropriate manner, taking 
into consideration the viscosity of a slurry in the 
formation of a green sheet, and may preferably be 
adjusted so that the slurry viscosity falls within a 

25 range of 10 to 200 poises, more preferably in a range 
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of 10 to 50 poises. 

In the preparation of the above slurry, for the 
purpose of promoting the dissociation and dispersion 
of raw material powder, there can be added polymer 
5 electrolytes such as polyacrylic acid and ammonium 
polyacr y lat e ; organic acids such as citric acid and 
tartaric acid; copolymers of isobutylene or styrene with 
maleic anhydride, and ammonium salts and amine salts 
thereof; dispersing agents such as copolymers of 

10 butadiene with maleic anhydride, and ammonium salts 
thereof; and further, phthalate esters such as dibutyl 
phthalate and dioctyl phthalate to provide flexibility 
with a green sheet; plasticizers such as glycols, e.g., 
propylene glycol, and glycol ethers; and the like, and 

15 further, if necessary, surfactants, defoaming agents, 
and the like . 

The electrolyte sheet of the present invention can 
be obtained as follows. A slurry having the above raw 
material composition is formed into a sheet by various 

20 methods as described above and then dried to give an 
electrolyte green sheet- The green sheet is cut into 
a prescribed shape and size, which is then subjected 
to heat calcining to give an electrolyte sheet of the 
present invention- In this calcinig step, for the 

25 purpose of obtaining an electrolyte sheet having high 
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flatness without causing any warp or undulation, while 
preventing fusing bonding between the electrolyte green 
sheets, at least one selected from the group consisting 
of porous ceramic sheet having high flatness, precursor 
5 green sheets of the porous ceramic sheets, and ceramic 
particles is used as a spacer. Particularly preferably, 
the green sheet is interposed between the porous sheets 
each having an area greater than that of the green sheet, 
having a shrinkage of 5% or less by heating to a calcining 

10 temperature of the green sheet, and having a bulk density 
of 5% to 60%, relative to the theoretical density, in 
such a manner that the peripheral portion of the green 
sheet does not protrude from the edges of the porous 
sheets, and the green sheet is then calcined. 

15 Alternatively, the porous sheet is placed on the green 
sheet in such a manner that the peripheral portion of 
the green sheet does not protrude from the edge of the 
green sheet, and the green sheet is then calcined. 

When ceramic particles are used as a spacer, an 

20 electrolyte sheet keeping the same surface roughness 
as the surface roughness of an electrolyte green sheet 
can easily be obtained, which is therefore preferred. 
When porous ceramic sheets or precursor green sheets 
thereof are used as a spacer, the tops of recesses and 

25 projections on the surface of an electrolyte sheet can 



easily become more uniform and flat, so that the ratio 
Rmax/Rz can be made much closer to 1, which is therefore 
preferred . 

The calcining conditions are not particularly 
5 limited. However, preferred is a method in which a green 
sheet obtained as described above is first preheated 
at about 300^*0 to 500°C for about 30 to 300 minutes, 
so that a binder component is decomposed and burnt out, 
andcalciningisthenachievedbyheatingatabout 1,300°C 
10 to 1, 500^*0 for about 60 to 300 minutes. 

Examples 

The present invention will be described below more 
specifically by reference to examples and comparative 

15 examples; however, it should be noted that the present 
invention is, of course, not restricted by the following 
examples, but can be put into practice after appropriate 
changes and/or modifications in a range adapted to the 
purport described above and below, all of which changes 

20 and modifications are included in the technical scope 
of the present invention. 
Example 1 

Together with mixed powder of 90 parts by mass of 
8YSZ powder (available from Sumitomo Osaka Cement Co., 
25 Ltd., under the trade name ^^0ZC-8Y"; dsor 0.4 |im and 
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dgof 1-8 Jim) and 0.5 part by mass of high purity alumina 
powder (available from Taimei Chemicals Co . , Ltd., under 
the trade name ^^TMDAR")f as raw material powder (A), 
15 parts by mass, in terms of solid content, of a binder 
5 composed of a methacrylic copolymer (molecular weight, 
30, 000; and glass transition temperature , -8^C), Ipart 
by mass of sorbitan trioleate as a dispersant, 2 parts 
by mass of dibutyl phthalate as a plasticizer, and 50 
parts by mass of a mixed solvent of toluene/isopropanol 

10 (mass ratio = 3/2) as a solvent were put into a nylon 
pot charged with zirconia balls, and milling was 
continued for 35 hours to give a slurry. 

To this slurry was added 10 parts by mass of powder 
(dsof 1.5 ]jLm and dso, 7.3 ym) obtained by provisionally 

15 calcining the same YSZ powder as described above at 
1100°C for 3 hours as raw material powder (B) , and milling 
was further continued for 5 hours to give a slurry for 
formation of an electrolyte sheet. 

Part of this slurry was collected and diluted with 

20 a mixed solvent of toluene and isopropanol (mass ratio, 
3/2), followed by measurement of the particle size 
distribution of solid components in the slurry using 
a particle size distribution measuring apparatus 
"'SALD-llOO" available from Shimadzu Corp. The particle 

25 size distribution of solid components in the slurry had 
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a dso of 0.6 ym and a dgo of 2.8 ]im, and had a major peak 
at 0.5 \im and a minor peak at 6.9 pm . 

This slurry was adjusted to have a viscosity of 
30 poises (23°C) by concentration and defoaming, and 
5 finally passed through a filter of 200 meshes, followed 
by coating therewith a polyethylene t erephthalate (PET) 
film having a roughened surface by a doctor blade method, 
to give a solid electrolyte green sheet. The surface 
roughness on the surface to be coated of the surface 
10 roughened PET film used was 7.9 \xm in Rz and 0.9 pm by 
Ra . 

This green sheet was cut into a square, which was 
removed from the PET film and then interposed between 
99.5% alumina porous sheets (porosity, 30%) having a 

15 maximum roughness height of 10 pm anddegreased, followed 
by heat calcining at 1, 450 °C for 3 hours, to give a 8YSZ 
electrolyte sheet, which was a square, about 40 mm on 
a side, and 0.3 mm thick. The conditions for preparation 
of the sheet are shown in Table 1. 

20 The surface which had been in contact with the PET 

film, and the opposite surface which had been exposed 
to air (the air surface), of the sheet obtained were 
measured for Rz, Ra, and Rmax, using an optical and 
laser-based non-contact three-dimensional profile 

25 measuring system. Micro Focus Expert ^^UBC-14 system", 
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available from UBM Corp. 

The electrolyte sheet was further measured for bulk 
density by the Archimedes method and then cut into a 
strip of 4 mm x 40 mm using a diamond cutter to give 
5 a test piece, followed by measurement of a three-point 
bending strength according to JIS R-1601. The results 
are shown in Table 2. 
Example 2 

An 8YSZ electrolyte sheet, which was a square, 
10 about 40 mm on a side, and 0.3 mm thick, was prepared 
in completely the same manner as described above in 
Example 1, except that a surface roughened PET film with 
the surface roughness on the surface to be coated being 
12.4 pm in Rz and 1.8 \im in Ra was used. 
15 Example 3 

An electrolyte sheet, which was a square, about 
40 mm on a side, and 0.3 mm thick, was prepared in the 
same manner as described above in Example 1, except that 
the same 8YSZ powder as the raw material powder (A) was 
20 used as the raw material powder (B) and milling was 
continued for 40 minutes after addition of the raw 
material powder (B) . 
Example 4 

An electrolyte sheet, which was a square, about 
25 40 mm on a side, and 0.3 mm thick, was prepared in the 
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same manner as described above in Example 1, except that 
3YSZ powder (available from Sumitomo Osaka Cement Co., 
Ltd., under the trade name ^""OZC-SY"; dsof 0.5 ]am and 
dgo/ 2.1 \im) was used as the raw material powder (B) . 
5 Example 5 

A lOSclCeSZ electrolyte sheet, which was a square, 
about 40 mm on a side, and 0.5 mm thick, was prepared 
in the same manner as described above in Example 1 , except 
that mixed powder of 90 parts by mass of zirconia powder 

10 stabilized with 10 mol% scandium oxide and 1 mol% cerium 
oxide (available from Daiichi Kigenso Kagaku Kogyo Co. , 
Ltd., under the trade name 1 0 S c 1 CeS Z ; dso/ 0.6 pm and 
dgof 2.4 lam) and 0.3 part by mass of high purity alumina 
powder (available fromTaimei Chemicals Co. , Ltd. , under 

15 the trade name ^^TMDAR") was used as the raw material 
powder (A), and powder having a dso of 0.9 \im and a dgo 
of 5.4 pm, which had been obtained by provisionally 
calcining the same lOSclCeSZ powder as described above 
at 1,000°C for 2 hours, was used as the raw material 

20 powder (B), and calcining was carried out at 1, 400°C- 
Example 6 

A LaGaOa electrolyte sheet, which was a square, 
about 40 mm on a side, and 0.5 mm thick, was prepared 
in the same manner as described above in Example 1 , except 
25 that Lao. 9Sro.1Gao.8Mgo.2O3 ( high tempera ture type ) powder 
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(available from Seimi Chemical Co., Ltd.; dso/ 0.6 ]im 
and dgof 4.3 ym) was used as the raw material powder 
(B) of LaGaOa oxide, and milled powder obtained by wet 
milling the same powder as used for the raw material 
5 powder (B) to have a dso of 0.5 pm and a dgo of 1.9 \im 
was used as the raw material powder (A) , and the green 
sheet was placed on a magnesia setter and calcined at 
1, 500°C. 

Example 7 

10 A Ce02 electrolyte sheet, which was a square, about 

40 mm on a side, and 0.5 mm thick, was prepared in the 
same manner as described above in Example 1, except that 
samarium oxide doped ( Ce02 ) o . 8 ( SmOi . 5 ) o . 2 (available from 
Seimi Chemical Co., Ltd.; dso, 0.8 \im and dgor 5.7 pm) 

15 was used as the raw material powder (B) of CeOa oxide, 
and milled powder obtained by wet milling the same powder 
as used for the raw material powder (B) to have a dso 
of 0 . 5 pm and a dgo of 1.8 pm was used as the raw material 
powder (A) . 

20 Comparative Example 1 

A green sheet was prepared using a slurry, which 
had been obtained by using, as the raw material powder 
(A), the same 8YSZ powder as used in Example 1, using 
no raw material powder (B), and milling for 40 hours, 

25 and an ordinary PET film with the surface roughness on 
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the surface to be coated, which had not been roughened, 
being 0.38 pm in Rz and 0.17 \im in Ra, and the green 
sheet was cut into a prescribed size. 

An 8YSZ electrolyte sheet, which was a square, 
5 about 40 mm on a side, and 0.3 mm thick, was prepared 
in the same manner as described above in Example 1 , except 
that the cut green sheet was interposed between the 
surfaces to be coated of the same PET films as used for 
coating and then subjected to heat press (60°C x 10 
1 0 minutes ) . 

Comparative Example 2 

An electrolyte green sheet was prepared in the same 
manner as described above in Example 1, except that a 
surface-roughened PET film (the surface roughness on 
15 the surface to be coated is 31 \im in Rz and 5.4 pm in 
Ra) . When this green sheet was to be removed from the 
PET film for calcining, the green sheet was not able 
to be removed smoothly, and cracks occurred on the green 
sheet . 

20 Comparative Example 3 

An electrolyte sheet with surface roughness on the 
air surface being 24.2 \im in Rz and 5.3 \im in Ra, and 
surface roughness on the surface peeled from the polymer 
film being 21.7 \xm in Rz and 3.8 ]im in Ra was obtained 

2 5 by sub j ectingboth surfaces of the 8YSZ electrolyte sheet 



obtained in Example 1 to blast processing with a blaster 
apparatus (available from Shinto Brator Ltd., Micro 
Blaster, model MB-1) . The air surface first subjected 
to blast processing had a comparably large warp, which 
5 was somewhat reduced by blast processing of the opposite 
PET surface; however, a warp was still observed. 
Comparative Example 4 

An 8YSZ electrolyte sheet, which was a square, 
about 40 mm on a side, and 0.3 mm thick, was prepared 

10 in the same manner as described in Example 1, except 
that powder having a dso of 4.3 \im and a dgo of 25.7 \im 
obtained by provisionally calcining 8YSZ powder, which 
was the same raw material powder (A) as used in Example 
3 above, at 1, 250°C for 3 hours was used as the raw material 

15 powder (B), and the same PET film, of which surface to 
be coated had not been roughened, as used in Comparative 
Example 1 above, was coated with a slurry obtained by 
milling for 20 minutes after addition of the raw material 
powder { B ) . 

20 Comparative Example 5 

An 8YSZ electrolyte sheet, which was a square, 
about 40 mm on a side, and 0.3 mm thick, was prepared 
in the same manner as described above in Example 1 , except 
that the same BYSZ powder provisionally calcined at 

25 1, 250**C as used in Comparative Example 4 above was used 
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as the raw material powder (A) ; the same 8YSZ powder 
as used in Example 3 above was used as the raw material 
powder (B); the raw material powder (A) and the raw 
material powder (B) were mixed at a ratio of 60 parts 
5 by mass and 40 parts by mass; the milling time for the 
raw material powder (A) was 5 hours; the milling time 
after addition of the raw material powder (B) was 35 
hours; and the same surface-roughened PET film as used 
in Example 2 above was used. 

10 Comparative Examples 6 to 8 

8YSZ electrolyte sheets, each of which was a square, 
about 4 0 mm on a side, and about 0.5 mm thick, were 
prepared by using the same raw material powders (A) and 
(B) as used in Examples 5, 6, and 7, coating the same 

15 ordinary PET films, each of which surface to be coated 
had not been roughened, as used in Comparative Example 
1 above, and subjecting resulting green sheets to heat 
pr e s s . 

Cell Production Example 1 

20 To the more roughened surface of each of the 8YSZ 

electrolyte sheets obtained in Examples 1 to 4 above. 
Comparative Examples 1 and 3 to 5 above, an anode paste 
composed of 70 parts by mass of nickel oxide powder (dso/ 
0.9 ]im and dsor 3.1 yim) obtained by heat decomposition 

25 of basic nickel carbonate and 30 parts by mass of the 
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same 8YSZ powder as used in Example 1 as the raw material 
powder (A) was applied by screen printing, and after 
drying, calcined by heating at l^SOO'^C for 1 hour to 
give an anode electrode layer having a thickness of about 
5 5 0 \im. 

Then, to the other surface, a cathode paste 
composed of 95 parts by mas s of strontium doped manganite 
(Lao.8Sro.2Mg03 ) powder (available from Seimi Chemical 
Co., Ltd.; dso, 1.3 pm and dgof 3-5 pm) and 5 parts by 

10 mass of 8YSZ powder was applied by screen printing, and 
after drying, calcined by heating at 1,100°C for 1 hour 
to give a cathode electrode layer having a thickness 
of about" 30 ]am. Thus obtained was a cell in a 
three-layered structure having electrodes formed on 

15 both surfaces of the 8YSZ electrolyte sheet. 

The electrolyte sheet obtained in Comparative 
Example 3 had a warp, so that it was not able to form 
any uniform electrode layer in the screen printing. 
Cell Production Example 2 

20 To the more roughened surface of each of the 

lOSclCeSZ electrolyte sheets obtained in Examples 5 and 
Comparative Examples 6 above, an anode paste composed 
of 70 parts by mass of the same nickel oxide powder as 
used in Cell Production Example 1 above and 30 parts 

25 by mass of the same lOSclCeSZ powder as used in Example 
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5 as the raw material powder (A) was applied by screen 
printing, and after drying, calcined by heating at 
1, 300**C for 1 hour to give an anode electrode layer having 
a thickness of about 50 |im. 
5 Then, to the other surface, the same cathode paste 

as used in Cell Production Example 1 above was applied 
by screen print ing , and after drying, calcined at 1 , 1 0 0**C 
for 1 hour. Thus obtained was a cell in a three-layered 
structure having electrodes formed on both surfaces of 
10 the lOSclCeSZ electrolyte sheet. 

Cell Production Example 3 

To the more roughened surface of each of the 
lanthanum gallate electrolyte sheets obtained in 
Examples 6 and Comparative Examples 7 above, the same 
15 anode paste as used in Cell Production Example 2 above 
was applied by screen printing, and after drying, 
calcined by heating at 1,300°C for 1 hour to give an 
anode electrode layer having a thickness of about 50 
]im . 

20 Then, to the other surface, a cathode paste 

composed of strontium doped lanthanum iron cobaltate 
( Lao . eSro . 4 Feo . eCoo . 2O3 ) powder (available from Seimi 
Chemical Co., Ltd.; dso^ 1-7 ^m anddgor 4.1 \xm) was applied 
by screen print ing , and aft er dry ing , calcined by heat ing 

25 at 1,100°C for 1 hour to give a cathode electrode layer 



having a thickness of about 30 pm. Thus obtained was 
a cell in a three-layered structure having electrodes 
formed on both surfaces of the lanthanum gallate 
electrolyte sheet. 
5 Cell Production Example 4 

To the more roughened surface of each of the ceria 
electrolyte sheets obtained in Examples 7 and 
Comparative Examples 8 above, the same anode paste as 
used in Cell Production Example 3 was applied by screen 

10 printing, and after drying, calcined by heating at 
1, 300°C for 1 hour to give an anode electrode layer having 
a thickness of about 50 \im. 

Then, to the other surface, the same cathode paste 
as obtained in Cell Production Example 3 was applied 

15 by screen print ing, and after drying , calcined by heat ing 
at 1,100''C for 1 hour to give a cathode electrode layer 
having a thickness of about 30 |im . Thus obtained was 
a cell in a three-layered structure having electrodes 
formed on both surfaces of the ceria electrolyte sheet. 

20 [Performance Evaluation Tests] 

Current (I) and voltage (V) were measured at 950°C 
for the cell obtained in Cell Production Example 1 above 
or at SOO^'C for the cells obtained in Cell Production 
Examples 2 to 4 using an apparatus for evaluation of 

25 electric power generation with a single cell as shown 
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in Figure 1 (in the figure, 1 indicates a heater; 2, 
an alumina outer cylindrical tube; 3, an alumina inner 
cylindrical tube; 4, a platinum lead wire; 5, a solid 
electrolyte sheet; 6, a cathode; 7, an anode; and 8, 
5 a sealing member), and the results of electric power 
generation performance were summarized as the maximum 
output density (W/cm^) at 950**C or 800°C in Table 3. 

As a current measuring apparatus was used one 
available from Advantest Corp., under the trade name 

10 ^^TR6845", and as a current-voltage generator was used 
one available from Takasago Ltd., under the trade name 
''GP016-20R'' . The electrodes had an area of 7 cm^ . To 
the anode side was fed 3% moisturized hydrogen gas as 
a fuel gas at one liter/min., and to the cathode side 

15 was fed air as an oxidant at one liter/min. 

Further, under these conditions, electric power 
generation test was continuously carried out, and after 
the lapse of 200 hours, each cell was evaluated for I-V 
characteristics, and the maximum output density (W/cm^) 

20 was determined in the same manner as described above. 
The results are shown in Table 3. 

Table 3 shows an increased ratio of the maximum 
output density of each cell: Cell Production Example 
1 to Comparative Example 1, Cell Production Example 2 

25 to Comparative Example 6, Cell Production Example 3 to 



Comparative Example 7, and Cell Production Example 4 
to Comparative Example 8. 
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As can also be seen from Table 3, cells of Cell 
Production Examples 1 to 4, in which surface roughness 
on both surfaces of the electrolyte sheet meets the 
requirements defined in the present invention, had any 
5 power generation characteristics improved by 10% or more 
in current density, as compared to a cell formed of an 
electrolyte sheet with smooth surface roughness. They 
also had excellent adhesion of the electrodes, in which 
the electrodes were firmly attached after the electric 

10 power generation performance evaluation test. In 
contrast, the cell formed of an electrolyte sheet with 
smooth surface roughness exhibited peeling in part of 
the electrode layers. Further, when the electrolyte 
sheet had rougher surface roughness than the definition 

15 of the present invention, cracks occurred on the green 
sheet, three-point bending strength was decreased, and 
electric power generation performance was very poor, 
probably because of cracks occurred in part during the 
continuous electric power generation test for 200 hours . 

20 

Industrial Applicability 

The present invention is constituted as described 
above, and the specified surface roughness on both 
surfaces of a zirconia sheet makes it possible that even 
25 when electrodes are printed on both surfaces as is the 
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case for solid electrolyte films, the electrodes are 
firmly attached to the zirconia sheet with high adhesion 
without causing a problem of local defects of electric 
power distribution due to uneven thicknesses of the 
electrode printed layers and that peeling in part during 
formation of the electrodes or peeling of the electrodes 
during operation is prevented as much as possible. In 
particular, when used for fuel cells, electric power 
generation characteristics and durability of the fuel 
cells can remarkably be improved. 
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